In addition to individual factors, residency programs are likely to play a critical role in the mental health of resident physicians. The clinical learning environment within residency programs has been linked to the quality of resident education, 14 performance, 15 and wellbeing. 16 A small number of factors related to residency programs have been associated with resident depression, including high effort and low reward imbalance [17] [18] [19] and a low degree of job autonomy. 20 However, to our knowledge, no studies to date have systematically assessed a large sample of residency programs to identify different programlevel factors associated with depression.
Here, we conduct a prospective, longitudinal study to assess first-year residents attending 54 internal medicine programs in the United States to investigate the associations between program-level measures of organizational structure, workload, and learning environment and resident depressive symptoms.
Method

Study setting and participants
As part of the Intern Health Study, a prospective longitudinal cohort study of depression and stress during medical internship, individuals who were either graduating from medical school or entering residency at participating institutions were invited to participate in the study. 1 In total, we invited 3,317 individuals entering internal medicine programs during the 2012, 2013, 2014, and 2015 academic years to participate in this prospective cohort study via e-mail, two months prior to commencing their internships. E-mail invitations for 82 individuals were returned as undeliverable. A total of 1,941 of the 3,235 remaining individuals who belonged to 239 different internal medicine programs agreed to participate in the study and returned the baseline assessment (overall response rate: 60.0%). To ensure a sufficient number of subjects providing data for each program in a given year, only programs with a Abstract Purpose To investigate the associations between program-level variables such as organizational structure, workload, and learning environment and residents' development of depressive symptoms during internship.
Method
Between 2012 and 2015, 1,276 internal medicine interns from 54 U.S. residency programs completed the Patient Health Questionnaire-9 (PHQ-9) before internship, and then quarterly throughout the internship. The training environment was assessed via a resident questionnaire and average weekly work hours. The authors gathered program structural variables from the American Medical Association Fellowship and Residency Electronic Interactive Database (FREIDA online) and program research rankings from Doximity. Associations between program-level variables and change in depressive symptoms were determined using stepwise linear regression modeling.
Results
Mean program PHQ-9 scores increased from 2.3 at baseline to 5.9 during internship (mean difference 3.6; SD 1.4; P < .001), with the mean increase ranging from −0.3 to 8.8 (interquartile range 1.1) among included programs. In multivariable models, faculty feedback (β = −0.37; 95% CI: −0.62, −0.12; P = .005), learning experience in inpatient rotations (β = −0.28; 95% CI: −0.54, −0.02; P = .030), work hours (β = 0.34; 95% CI: 0.13, 0.56; P = .002), and research ranking position (β = −0.25; 95% CI: −0.47, −0.03; P = .036) were associated with change in depressive symptoms.
Conclusions
Poor faculty feedback and inpatient learning experience, long work hours, and high institutional research rankings were associated with increased depressive symptoms among internal medicine interns. These factors may be potential targets for interventions to improve wellness and mental health among these professionals.
minimum of five interns completing at least one of the four follow-up surveys were included. Further, programs were included only if they were listed in the American Medical Association Fellowship and Residency Electronic Interactive Database (FREIDA online). 21 A total of 54 programs and 1,276 interns met the criteria and were therefore included in this study. The University of Michigan institutional review board approved the study. All participants provided informed consent and were compensated $50 each.
Data collection
We conducted all surveys through a secure online website designed to maintain confidentiality, with participants identified only by nondecodable identification numbers. The procedures we used, those from the Intern Health Study, have been detailed in a previous publication. 1 Baseline assessment. Participants completed an online survey two months prior to commencing internship, which included questions about their age; sex; self-reported history of depression; neuroticism 22 ; and early life stress 23 ; as well as an assessment of their depressive symptoms using the Patient Health Questionnaire-9 (PHQ-9) (see Supplemental Digital Appendix 1, available at http://links.lww.com/ ACADMED/A621, which includes a copy of the survey instruments). The PHQ-9 is a component of the Primary Care Evaluation of Mental Health Disorders inventory (PRIME-MD) and measures nine self-reported items designed to screen for depressive symptoms. 24 For each item, the respondent indicates whether, during the previous two weeks, the depressive symptom had bothered him/her "not at all," "less than half the days," "more than half the days," or "nearly every day." A score of 10 or greater on the PHQ-9 has a sensitivity of 93% and a specificity of 88% for the diagnosis of major depressive disorder. 25 Within-internship assessments. We contacted interns via e-mail at months 3, 6, 9, and 12 of the internship year and asked them to complete the PHQ-9 and a survey 1 that inquired about duty hours ("How many hours have you worked in the past week?"). In addition to assessing depressive symptoms and duty hours, the 12-month survey assessed workload satisfaction and learning environment ratings of residency programs through a resident questionnaire (RQ) 26 (see Supplemental Digital Appendix 1, available at http://links.lww.com/ ACADMED/A621, which includes a copy of the survey instruments). Workload satisfaction (8 items; alpha = 0.85) and learning environment (9 items; alpha = 0.84) components of the RQ have shown to be a valid measure to capture different aspects of residents' perspectives of their programs. 26 The workload satisfaction scale contains items related to call schedule; caseload; excess load; time to read; clerical and administrative support; hospital support services; time demands; and workups. The learning environment scale includes items related to faculty feedback, counseling, and support; learning experience during inpatient rotations and scheduled conferences; instructions received; and cooperation among residents. For each item, we asked interns to indicate whether they agreed with the statements of the instrument using a five-point Likert scale ranging from "strongly disagree" to "strongly agree." RQ completion was not required for participants' inclusion in the analyses. Each of the 54 programs assessed by the present study included at least three interns who completed the RQ in the 12th month of their internship, with a range of 3 to 65 interns (interquartile range [IQR] = 12) among the different programs.
Organizational structure of residency programs. We collected residency program information about size (number of residency positions), number of faculty, proportion of full-time faculty, average hours of scheduled lectures/ conferences per week during first year, and whether the program offers awareness and management of fatigue in residents/fellows from FREIDA online. 21 Data available on FREIDA online come primarily from the National Graduation Medical Education Census (GME Track), which is an annual online survey conducted by the American Medical Association and the Association of American Medical Colleges. 21 In cases where size information for programs could not be accessed from FREIDA online, we sought this information from the institutions' websites.
We extracted information regarding each program's research ranking position on March 17, 2017, from Doximity, an online professional network for physicians in the United States. 27 Doximity is currently the largest networking community of physicians in the United States, with more than 70% enrollment. 28 Doximity calculates a program research output score for each residency program, using the collective h-index of publications authored by alumni graduating within the past 15 years, as well as research grants awarded. 27 The research ranking for each program is determined by comparing research output scores within the same specialty. 27
Statistical analyses
Program-level prevalence and change in depressive symptoms. To estimate the mean prevalence of depression within residency programs, we determined the number of individuals who scored 10 or higher in the PHQ-9 at one or more quarterly assessments. Changes in the depressive symptoms of individual participants (PHQ-change) were calculated by subtracting the baseline score in PHQ-9 from the mean score in PHQ-9 on the quarterly assessments (PHQ-change = mean PHQ-9 at 3-, 6-, 9-, and 12-month assessments − Baseline PHQ-9). We calculated mean PHQchange for each program to estimate program-level changes in depressive symptoms. The significance of the mean change in scores from baseline to internship year for program-level PHQ-9 depressive symptoms was assessed through a paired t test.
Extraction and transformation of program-level variables.
In addition to the change in mean for depressive symptoms, for each program, we calculated average duty hours and mean RQ scores on learning environment, workload satisfaction, and individuallevel items. To control for individual-level factors, we included the factors previously shown to be associated with depression during internship (female gender, baseline PHQ depressive symptoms, childhood stress, and neuroticism). 1 Kolmogorov-Smirnov normality tests were conducted for all numerical variables, with square-root transformation applied to variables that did not present a normal distribution. We excluded the variable "offering awareness and management of fatigue in residents/ fellows" from the analysis because all programs included in this study reported "yes" for this variable on FREIDA online.
Stability of program-level variables across cohorts.
To determine whether program effects were stable across different cohorts of interns attending the same residency programs, we used Pearson correlations to assess the associations of programlevel measures of change on depressive symptoms, learning environment, and workload across initial (2012-2013) and later (2014-2015) cohorts.
Program-level predictors of change in depressive symptoms. To identify program-level variables associated with change in depressive symptoms within residency programs, we first used Pearson correlations to identify which variables were correlated with mean change in depressive symptoms. Subsequently, significant variables were entered into a stepwise linear regression model to identify significant predictors while accounting for collinearity among variables.
Additionally, to assess whether significant program-level associations were driven by differences between subjects that were present before the start of the internship, we conducted a multivariable stepwise linear regression analysis, including individual-level variables previously associated with change in depressive symptoms. 1
Cross-cohort predictors of depressive symptoms. To accurately estimate the effect size of program-level predictors of change in depressive symptoms, we performed a two-step secondary analysis using data from 2012 and 2013 cohorts as a training set to identify significant predictors (2012-2013 training), and data from 2014 and 2015 cohorts as a test set for our predictions (2014-2015 test).
First, we conducted Pearson correlations to identify which program-level variables were associated with mean change in depressive symptoms in the 2012-2013 training set, and entered all significant variables into a stepwise linear regression model. As a second step, we tested the regression model constructed using the 2012-2013 training set to predict mean change in depressive symptoms in the 2014-2015 test set. By testing whether significant program-level predictors identified for one cohort of program interns predicted change in depressive symptoms for a different cohort of interns in the program, this cross-cohort analysis has the potential to provide a more accurate estimate of the effect of programlevel predictors of change in depressive symptoms while minimizing the possible influences that interns' individual characteristics could have on their ratings of the program variables assessed.
All analyses were performed using SPSS statistical software, version 21.0 (SPSS Inc., Chicago, Illinois).
Results
Representativeness of the sample
A total of 1,276 individuals from 54 programs participated. Compared with the set of all internal medicine programs registered on FREIDA, programs included in this study had a similar gender distribution (581/1,276; 45.5% versus 42.2% of females) but had a larger average program size (123 versus 55 residents). 29 The number of individuals included per program ranged from 5 to 101. Characteristics of residents and programs included in the study are presented in Table 1 .
Program-level prevalence and change in depressive symptoms
Considering the criteria for major depression developed by Kroenke et al 25 (PHQ-9 ≥ 10), the mean program prevalence of individuals who met such criteria for depression at one or more quarterly assessments was 36.6% (SD = 17.8%), with prevalence rates ranging from 0.0% to 80.0% (IQR = 15.4%) among the 54 programs included in the full study set (2012-2015; N = 1,276).
The mean program score on PHQ-9 changed from 2.3 (SD = 0.8) pre internship to 5.9 (SD = 1.8), 6.0 (SD = 1.5), 5.9 (SD = 2.1), and 5.5 (SD = 1.8) at 3, 6, 9, and 12 months of internship, respectively. For 53 of 54 programs, mean scores of depressive symptoms increased from baseline to quarterly assessments. The mean program-level change in depressive symptoms from pre internship to internship was 3.6 points (SD 1.4, paired t test 19.5, P < .001), with a range of −0.3 to 8.8 (IQR = 1.1) among the different programs included.
Stability of program-level variables across cohorts
To evaluate whether workload, learning environment, and change in depressive symptoms were stable across different cohorts of interns attending the same residency programs, we performed correlational analysis for the 49 programs (N = 1,248) across 2012-2015 cohorts. Program-level changes in depressive symptoms (r = 0.30; P = .037) and ratings of workload (r = 0.61; P < .001) and learning environment (r = 0.34; P = .032) were significantly associated across cohorts. This suggests that effects of programs on resident mental health, workload, and learning environment were relatively stable across time, supporting the subsequent investigation of program-level variables with resident depressive symptoms. Table 2 presents the associations of program-level variables with change in depressive symptoms for the full study set (2012) (2013) (2014) (2015) .
Predictors of program-level change in depressive symptoms
When the 14 variables that were significantly associated with change in depressive symptoms were entered into a stepwise linear regression, timely and appropriate faculty feedback (P = .005), mean duty hours per week (P = .002), learning experience in inpatient rotations (P = .04), and research ranking position (P = .03) remained significant and explained 45.7% of the variance in program-level change in depressive symptoms (Table 3) .
Similarly, multivariable analysis adjusted for individual-level variables previously associated with depression during internship (i.e., female gender, selfreported history of depression, childhood stress, and neuroticism) 1 confirmed faculty feedback (P = .03), mean duty hours per week (P = .002), learning experiences during inpatient rotations (P = .009), and research ranking position (P = .04) as significant program-level predictors of change in depressive symptoms ( Table 3) .
Predictors of change in depressive symptoms across cohorts
To accurately estimate the effect size of program-level predictors of change in depressive symptoms, we used the 2012-2013 cohorts as a training set to identify significant predictors of mean change in depressive symptoms within residency programs, and the 2014-2015 cohorts as a test set to estimate the effect size in an independent dataset.
The regression model for the 2012-2013 training identified three significant variables (faculty feedback, β = −0.34, P = .011; rotation value, β = −0.42, P = .002; and mean work hours, β = 0.38, P = .001). When this model was applied to the prediction of change in depressive symptoms in the 2014-2015 test set, 20.2% of the variance in program-level change in depressive symptoms was explained ( Table 4 ).
Discussion
This study systematically assessed a large set of internal medicine residency programs to identify program-level factors that are associated with resident depression. We found that rates of depression between internal medicine residency programs vary widely. Importantly, we also found that the rate of depression among interns within programs is relatively consistent across independent cohorts of interns, providing additional evidence that programs play an important role in the development of resident depression.
A lack of timely and appropriate faculty feedback, a negative learning experience during inpatient rotations, increased work hours, and higher institutional research rankings were associated with a greater increase in depressive symptoms during the internship year. Importantly, these findings suggest that the residency program environment plays a central role in the mental health of medical interns. These program-level factors can inform changes to residency programs that may reduce the risk of depression in resident physicians.
The finding that program-level duty hours were associated with resident depressive symptoms complements the findings of prior studies linking individual-level duty hours and resident depression. 1, 3, 12 Residents' rating of whether they received timely and appropriate feedback from the faculty was actually the strongest predictor of program-level changes in depressive symptoms. Previous studies have shown the association between appropriate faculty feedback and better performance, 30 education, 31, 32 and lower levels of burnout 33 in medical residents.
Our findings also suggest that timely and appropriate faculty feedback may help to reduce resident depression. Interventions to promote better faculty feedback are challenging because, despite all of the recognized relevance of faculty feedback in medical education, 30, 31, 34 previous studies have shown different barriers to proper faculty feedback, [35] [36] [37] including the fact that trainees and faculty may have different perceptions about the timing, content, and appropriateness of the feedback given and received. 38, 39 Further studies should investigate the specific characteristics of faculty feedback that are associated with better mental health in resident physicians, so that residency programs can invest in systematic interventions to promote proper faculty feedback.
Poor learning experience during inpatient rotations was also predictive of a greater increase in depressive symptoms from baseline to quarterly assessments. Previous studies have discussed the impact of different models of rotations on resident competency and patient safety. 40, 41 Given our findings, further examinations could also focus on identifying specific aspects of inpatient rotations associated with better resident mental health and satisfaction with learning experience. Additional studies exploring how to improve teaching quality during inpatient rotations and its impact on resident depression are also needed.
Higher institutional research ranking position was associated with a greater increase in resident depressive symptoms during internship. There were no associations between baseline characteristics of participants and Doximity research ranking, suggesting that this association was not driven by individuals predisposed to depression selected for high-ranking research programs. It is possible that research-intensive institutions impose pressure to meet a higher level of productivity in research, as well as clinical domains, which can increase the risk for depression. Alternatively, Doximity research rankings may be a proxy for other characteristics of residency programs. For instance, research-intensive institutions may have a culture 42, 43 that values research productivity at the expense of clinical excellence. Alternatively, the nature and complexity of patients at researchintensive institutions may be different from less research-intensive institutions.
Because this was the first study to explore the associations between research output ranking and program-level change in depressive symptoms, more studies are needed to better elucidate the aspects of the identified relationships between these variables.
The present study has several additional limitations. First, the wide range in the number of interns included per program (5-101) may have introduced inclusion bias to this study sample. Although there was no significant association between prevalence of depression at baseline and internship year, it is possible that programs with lower response rates had residents with different levels of depressive symptoms than the ones included in our analysis.
Second, all our assessments were conducted during the internship year. Therefore, such findings may not be generalizable to later years of residency training. In addition, because we only included internal medicine programs, our findings may not be generalized to other specialties.
Third, considering that most of the programs included in this study were large university-based institutions, generalization of our findings to smaller community-based programs should be made with caution.
Fourth, the self-reported nature of depression, duty hours, workload, and learning environment assessments also constitutes an additional limitation of our study. Although the validity and reliability of PHQ-9 are strong, 24, 25 it is important to highlight that its results do not constitute a definitive diagnosis. With regard to program-level duty hours, although previous studies have shown that self-reported work hours match well with electronic recordings, 44 bias in the number of reported hours worked could be present in our data. In addition, even though Doximity currently enrolls more than 70% of physicians in the United States, 28 the use of its research output data without further evidence of their validity and reliability requires caution in interpreting our findings related to programs' research rankings.
Fifth, definitive conclusions about causal relationships cannot be drawn from observational studies. For instance, it is possible that the association between program-level depression and rating of program learning environment could be driven by depressive residents reporting lower satisfaction with the characteristics of their program. However, a number of analyses from our study strongly suggest that at least part of the identified associations between specific program factors and resident depression is due to residency factors. First, there is a large variation in the magnitude of the increase in depressive symptoms between programs. Further, the level of depressive symptoms is relatively stable for a given program across independent cohorts of residents, indicating that the large variation in depressive symptoms between programs can be attributed to program features rather than the individuals within the program in a given cohort. Finally, individual variables such as history of depression, depressive symptoms, and neuroticism measured at baseline, before subjects are exposed to program environments, did not predict the ratings of residency factors associated with depression (faculty feedback, rotation value, and duty hours). These analyses all suggest an important role of residency factors in contributing to residents' depression.
In summary, this large prospective longitudinal study found that the level of depressive symptoms varies widely among different internal medicine residency programs and that a considerable amount of this variance can be partially explained by program-level variables: timely and appropriate feedback from faculty, learning experience during inpatient rotations, duty hours, and program research ranking position. These factors are potentially valuable targets for intervention to improve the wellness and mental health of residents. Future studies could consider a qualitative approach to identify additional variables that distinguish programs with high and low rates of resident depression. In addition, further studies could assess whether specific interventions and changes, targeting the factors identified by this study, reduce the high rates of depression among resident physicians.
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